The circulation of the Northern Hemisphere extratropical troposphere has changed over recent decades, with marked decreases in extratropical cyclone activity and eddy kinetic energy (EKE) in summer and increases in the fraction of precipitation that is convective in all seasons. Decreasing EKE in summer is partly explained by a weakening meridional temperature gradient, but changes in vertical temperature gradients and increasing moisture also affect the mean available potential energy (MAPE), which is the energetic reservoir from which extratropical cyclones draw. Furthermore, the relation of changes in mean thermal structure and moisture to changes in convection associated with extratropical cyclones is poorly understood. Here we calculate trends in MAPE for the Northern extratropics in summer over the years 1979-2017, and we decompose MAPE into both convective and nonconvective components. Nonconvective MAPE decreased over this period, consistent with decreases in EKE and extratropical cyclone activity, but convective MAPE increased, implying an increase in the energy available to convection. Calculations with idealized atmospheres indicate that nonconvective and convective MAPE both increase with increasing mean surface temperature and decrease with decreasing meridional surface temperature gradient, but convective MAPE is relatively more sensitive to the increase in mean surface temperature. These results connect changes in the atmospheric mean state with changes in both large-scale and convective circulations, and they suggest that extratropical cyclones can weaken even as their associated convection becomes more energetic.
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climate change | available energy | extratropical cyclones | convection D istinct patterns of change have emerged in the thermal structure and moisture content of the Northern Hemisphere extratropical troposphere (1) (2) (3) (4) , as seen from homogenized radiosonde data (see Methods) for the summer season in Fig. 1 . Notably, the meridional temperature gradient has weakened in the lowerand middle troposphere (Fig. 1A) , and the troposphere has experienced a general moistening (Fig. 1B) . The weakening of the meridional temperature gradient is thought to contribute to the observed weakening of eddy kinetic energy (EKE) and cyclone activity levels (5, 6) , with implications for regional climate and air quality (7) . However, eddy behavior is also affected by changes in moisture content and static stability. For example, amplified lowlevel warming (Fig. 1A) , which is more clearly evident in reanalysis trends that extend to the surface (SI Appendix, Fig. S1A ), implies decreased static stability in the lower troposphere, which together with increasing specific humidity (Fig. 1B) would tend to increase the growth rates of eddies, opposing the weakening effect from the meridional temperature gradients. Projections of 21st century climate change with coupled climate models also show a decrease in EKE in the Northern Hemisphere in summer that has been linked to weakening lower-tropospheric meridional temperature gradients (8) and increases in extratropical static stability that occurs in the projections in this season (9) . The changes in mean thermal structure and moisture could also cause changes in the energy available to convection; large increases in the convective fraction of precipitation have been observed for all seasons over Eurasia (10) , and there is some evidence for increases in convective available potential energy (CAPE) as the climate has warmed (11) . However, CAPE is calculated from instantaneous vertical profiles of temperature and humidity and cannot be directly related to changes in mean temperature and moisture in the extratropics.
Mean available potential energy (MAPE) provides a useful framework with which to connect the mean thermal structure (including both meridional temperature gradients and static stability) and moisture content of the extratropical atmosphere to EKE and, as discussed below, to available energy for convection. MAPE is defined as the difference in enthalpy between an atmosphere's mean state and the minimum-enthalpy state possible from reversible, adiabatic parcel rearrangements (12) . MAPE may be calculated neglecting latent heating (dry MAPE) (12) or taking it into account (moist MAPE) (13, 14) . EKE scales linearly with dry and moist MAPE in extratropical, baroclinic environments in a wide range of idealized climate model experiments (15) (16) (17) . A recent study (18) that imposed isolated thermal forcings at different latitudes and levels found that the scaling of EKE with MAPE can break down in some cases, but that it generally performs better than considering the change in meridional temperature gradient or static stability alone. Importantly, EKE also scales linearly with MAPE over the seasonal cycle in the extratropics in both hemispheres based on reanalysis data, and under climate change in coupled model projections, including for intermodel differences (9) .
Here, we calculate changes in moist MAPE over recent decades and use the results to better understand observed changes in the circulation. Some recent studies suggest an increasing trend in Significance Extratropical cyclones and their associated convection play a central role in the weather of the midlatitudes and are changing with global warming. By analyzing trends in the energy of the mean state of the atmosphere that is available to be converted to kinetic energy, we show how the warming and moistening of the Northern Hemisphere extratropics relates to the observed weakening of extratropical summer cyclones. We also show that the component of this energy that can be released through convection has increased, despite the weakening of extratropical cyclones. Our results provide a unified framework that illustrates how the observed weakening of the extratropical cyclones in summer can occur while at the same time convection becomes more energetic.
global eddy kinetic energy, but these changes are dominated by the Southern Hemisphere and their magnitude is dataset dependent (19, 20) . We focus on the Northern Hemisphere extratropics in JuneJuly-August (JJA), given the clear reported trends in cyclonic activity (5, 6) and convective precipitation fraction (10) in that season and hemisphere. Using moist rather than dry MAPE allows us to consider the role of latent heating and the implications for moist convection.
MAPE
We use zonal-and seasonal-mean temperatures and humidities from the ERA-Interim Reanalysis (21) to calculate MAPE for JJA and the latitude band 20-80N over the years 1979-2017. ERA-Interim provides complete spatial and temporal coverage, and trends in mean temperature from ERA-Interim are similar to those from homogenized radiosonde data when subsampled to those data (compare Fig. 1A and SI Appendix, Fig. S2A ). However, the subsampled humidity trends do not agree well with a homogenized radiosonde humidity dataset (compare Fig. 1B and SI Appendix, Fig. S3B ), and this issue with ERA-Interim relative humidity trends could partly relate to the use of unhomogenized radiosonde humidities as input to the reanalysis (4). To avoid this bias in humidity trends, we hold relative humidity constant in time using its climatological values from ERA-Interim. This gives mean specific humidity trends that are more consistent with the radiosonde data (SI Appendix, Fig. S2B ; see Methods for details).
The air-parcel rearrangement in the calculation of moist MAPE for JJA is illustrated in Fig. 2A based on climatological temperatures and humidities. The general pattern is of rising air originating at lower latitudes and sinking air originating at higher latitudes, corresponding to large-scale slantwise motion in baroclinic eddies in the atmosphere. In addition, there is a substantial air mass (highlighted in blue in Fig. 2A ) that moves from the boundary layer to the upper troposphere and which is bounded by a discontinuity in the mapping of the parcel rearrangement. The ascent of this air mass to the upper troposphere results in a vertical reordering of air parcels originating at low latitudes which we interpret as corresponding to deep convection in the atmosphere. While the air mass originates at low latitudes, its ascent can occur in the midlatitudes, since extratropical cyclones advect air poleward before deep ascent occurs (22, 23) . The parcel rearrangement for winter (SI Appendix, Fig. S4A ) also shows deep ascent but with a weaker signature of convection and no discontinuity, consistent with deep ascent in winter predominantly occurring as slow ascent in warm conveyor belts rather than rapid deep convection, as seen in recent high-resolution simulations (23) .
Following previous work (9), we also calculate nonconvective MAPE which allows for latent heating but does not allow for release of convective instability as represented by vertical reordering of air originating at a given latitude (see Methods and Fig.  2B ). We expect EKE to scale with nonconvective MAPE rather than the full moist MAPE because release of convective instability involves local dissipation of kinetic energy without necessarily contributing to large-scale EKE, and because convection is associated with mixing and diffusion of water vapor which acts as a sink of moist MAPE (24) .
Nonconvective MAPE is always less than or equal to moist MAPE (9) , and here we introduce the concept of convective MAPE, defined as the moist MAPE minus nonconvective MAPE. Convective MAPE provides a link between convection and the mean state of the atmosphere, in contrast to CAPE which must be calculated from instantaneous soundings. Conditional instability of the mean state of the atmosphere is limited to low latitudes and does not contribute strongly to convective MAPE (Methods), and thus convective MAPE must be primarily generated by the largescale circulation driven by the meridional temperature gradient. The weak conditional instability of the mean state of the atmosphere also implies that the alternative approach of calculating moist MAPE at each latitude in isolation (without allowing meridional movement) and then averaging in latitude would give a much smaller value than the convective MAPE.
Convective MAPE is calculated using adiabatic rearrangements, and therefore it does not account for convective instability driven by surface fluxes or radiative cooling. We interpret convective MAPE as the energy available for moist convection driven by large-scale ascent in extratropical cyclones, and our study of changes in convective MAPE is complementary to previous studies that have investigated the physical basis of changes in tropical CAPE (25) (26) (27) and changes in midlatitude extreme CAPE driven by surface fluxes over land (28) . of the change in EKE. The trends in dry and moist MAPE are also downward and the trend of dry MAPE is similar in magnitude to that of nonconvective MAPE (SI Appendix, Fig. S5 B and E). Interestingly, EKE and nonconvective MAPE are not positively correlated for year-to-year variability when the time series in Fig. 3A are detrended. This different behavior for year-to-year variability compared with longer-term trends is likely because EKE and MAPE have a different relationship for unforced variability compared with forced variability. For forced variability, such as the seasonal cycle of the storm tracks or the response of the storm tracks to climate change, an increase in EKE is associated with an increase in MAPE (9) . For unforced variability of the storm tracks, an increase in EKE is associated with amplified heat fluxes which lead to a subsequent decrease in baroclinicity and MAPE (29) (30) (31) .
Changing Energetic Reservoirs
In contrast to the decreasing trend in nonconvective MAPE, convective MAPE demonstrates an upward trend of 1.1 J kg per decade (Fig. 3B ). This increase in the energy available to moist convection associated with extratropical cyclones implies a tendency toward more convective precipitation in summer in midlatitudes. Observations show a robust increase in the convective fraction of precipitation over Northern Eurasia (10) , and it would be interesting to study changes in the convective fraction of precipitation in other midlatitude regions.
The signs and magnitudes of the trends in nonconvective and convective MAPE and in EKE are similar for narrower (30-70N) and wider (10-90N) latitude bands (SI Appendix, Fig. S5 ). We report the absolute rather than percentage changes in convective MAPE because the absolute changes are less sensitive to the latitude band chosen. Absolute values for all types of MAPE are shown in SI Appendix, Fig. S6 .
Relation to Surface Temperatures in Idealized Atmospheres
To better understand how climate change can cause changes of opposite sign in nonconvective MAPE and convective MAPE, we next consider how changes in mean surface temperature and meridional surface temperature gradient affect these energetic reservoirs in idealized atmospheres that are representative of Northern Hemisphere summer. We prescribe simple meridional profiles of surface temperature and vary the mean surface temperature and meridional surface temperature gradient independently. Given that the middle-and lower troposphere are frequently close to neutral to moist convection in summer in the Northern extratropics (32), we construct vertical temperature profiles in idealized atmospheres with prescribed relative humidity such that the virtual temperatures in the troposphere match the virtual temperatures in a reversible moist adiabat of a parcel lifted from the surface (see Methods for details). By this construction each individual column in isolation is not conditionally unstable and has no available potential energy, and thus nonzero convective MAPE must arise because of the meridional temperature gradient and the resulting lateral and vertical motion. . Based on the ERA-Interim trends for JJA, we find that surface temperature increased by roughly 1 K and the surface meridional temperature gradient decreased by roughly 0.02 K degree −1 over the whole period (SI Appendix, Fig. S7 ), and the observed changes in this time period are indicated by the red arrows in Fig. 4 . Nonconvective MAPE increases with the meridional temperature gradient as would be expected given that it behaves similarly to dry MAPE, which increases as the meridional temperature gradient squared with some compensation from increases in static stability (33) . Nonconvective MAPE also increases with mean surface temperature which likely reflects both increases in latent heating and induced changes in meridional temperature gradients aloft. On the other hand, convective MAPE has two different behavior regimes. For very weak meridional temperature gradients and thus weak large-scale overturning circulation, convective MAPE primarily increases with the meridional temperature gradient because the amount of air that reaches saturation increases with the strength of ascent at lower latitudes. For stronger meridional temperature gradients and thus stronger large-scale overturning, convective MAPE is more strongly a function of mean temperature, and this is the regime in which the observed JJA parameters fall. To understand why convective MAPE is sensitive to mean temperature, we first note that the vertical gradient in potential temperature along a moist adiabat increases with surface temperature (34) , which implies that the ability of a given amount of large-scale ascent to cool the free troposphere and destabilize the column will also increase with temperature. The additional dependence on meridional temperature gradient reflects the ability of stronger temperature gradients to drive more ascent. The idealized atmosphere results show that convective MAPE is relatively more sensitive to mean surface temperature compared with nonconvective MAPE, and this helps explain why convective MAPE can increase in response to mean warming and a weakening meridional temperature gradient even though nonconvective MAPE decreases.
Discussion
Our results show that there have been opposite-signed changes in the energy available to large-scale circulations and associated moist convection in recent decades in Northern extratropical summer, and that these changes are consistent with decreases in EKE and also consistent in sign with observed increases in the convective precipitation fraction. The changes in MAPE thus serve as a bridge between changes in the mean temperature and moisture of the atmosphere and changes in extratropical circulations. The MAPE framework may also be useful for considering past climate states based on surface temperature proxies to the extent that we can assume a vertical stratification in Northern midlatitude summer that is close to moist adiabatic.
While the link between changes in MAPE and EKE has been extensively studied in previous studies (15) (16) (17) (18) , our results suggest a need for more investigation into connections between the mean state of the extratropical atmosphere (including both mean temperature and temperature gradients) and its convective behavior. For example, future work could compare convective MAPE with other measures of convection, such as instantaneous CAPE and the convective fraction of precipitation, across the seasonal cycle, in idealized simulations, and in warming scenarios. It is also important to investigate the contribution of zonal asymmetries to trends in nonconvective and convective MAPE since these asymmetries are not included in the zonal-mean MAPE considered here.
Decreasing nonconvective MAPE and increasing convective MAPE are consistent with model projections for Northern midlatitude summer over the 21st century (9) . However, the large decrease of roughly 6% in nonconvective MAPE found here over recent decades is of similar magnitude to the multimodel-mean projected decrease in nonconvective MAPE over the whole 21st century--a finding consistent with the observed decrease in cyclone activity being near the extreme end of what different climate models simulate for recent decades (6) . Substantial components of regional Arctic amplification may result from unforced variability, for example as a result of the Atlantic Multidecadal Oscillation (35) or via teleconnection to tropical Pacific variability (36) , and future work could also investigate the contributions of anthropogenic forcing versus unforced variability to trends in MAPE.
Methods
Trends. All trends of time series are calculated using the Theil-Sen estimator, and 90% confidence intervals are calculated using the bootstrapping percentile method. Zonal average trends in temperature and humidity from radiosonde datasets, and reanalysis products subsampled to radiosonde locations, are calculated as follows: stations are binned in 10°latitude bands, and the trend for each pressure level and latitude band is determined as the median trend of the seasonal average at that pressure level among the stations in that latitude band. The use of the median trend in latitude bands limits the influence of outlier trends in the radiosonde data (3).
Temperature and Humidity Data. For the calculation of MAPE, monthly mean temperature and humidity data from 1979 to 2017 with a grid resolution of 2.5°b y 2.5°are taken from the ERA-Interim dataset, a global atmospheric reanalysis produced by the European Centre for Medium-Range Weather Forecasts (21) . Seasonal-mean temperature and humidity are first calculated at each gridpoint. The zonal mean is then taken for a given year excluding any gridpoints at which the monthly pressure is greater than the monthly surface pressure at that point by more than 25 hPa (the pressure spacing near the surface) for any of the months in the season. The mean surface temperatures and surface meridional temperature gradients shown in SI Appendix, Fig. S7 are calculated from the zonal and seasonal mean of the 1,000-hPa temperatures at each latitude as calculated above, and then meridionally averaged with area weighting.
Observational temperature data are taken from IUKv2 (3), a radiosonde dataset homogenized by Iterative Universal Kriging to correct for timevarying instrument biases. For direct comparison with IUKv2, ERA-Interim data are subsampled in space and time to the coordinates closest to the station data in the IUKv2 dataset and trends are calculated as described above. We chose ERA-Interim for use in this paper because of its relatively good agreement with the radiosonde data in terms of temperature trends when subsampled to the station locations (compare Fig. 1A with SI Appendix, Fig. S2A ), whereas other reanalysis products that we analyzed were found to have less good agreement, resulting in MAPE trends different from those presented here, including differences of sign in some cases.
Observational specific humidity data are taken from the homoRS92 dataset, a homogenized global, twice-daily humidity dataset that consists of the dataset described in Dai et al. (4) , supplemented with dry-bias corrected data from Vaisala RS92 soundings (37) . In reporting relative humidity and specific humidity, this dataset employs a separate homogenized air temperature radiosonde product (38) combined with the homogenized dewpoint depression. Due to missing data in this dataset (which unlike IUKv2 is not iteratively filled), the following processing procedure is applied when determining trends: (i) at individual stations and pressure levels, only days with two measurements are considered, (ii) only months with at least 70% of days are considered, (iii) only JJA averages with all three months present are considered, and (iv) only trends based on at least 70% of years are considered. The zonal-median trend following this procedure is shown in Fig. 1B . Trends in ERA-Interim specific humidity data are compared with the observations by subsampling to the homoRS92 dataset station locations. Comparing the radiosonde humidity trends (Fig. 1B) to the subsampled ERA-Interim humidity trends (SI Appendix, Fig. S3B ) reveals a large discrepancy with much too weak moistening in ERA-Interim. To avoid this bias, we instead use the climatological JJA-mean relative humidity from ERA-Interim (averaged over 1979-2017) as the humidity input to the JJA MAPE calculation for a given year. This approach is consistent with expectations of small trends in relative humidity in the troposphere (39) , and it implies trends in specific humidity that are more consistent with the homogenized radiosonde trends in specific humidity (compare Fig. 1B and SI Appendix, Fig. S2B ). In calculating the JJA specific humidities for SI Appendix, Fig. S2B and in our calculations of MAPE, we use the saturation vapor pressure formulae over ice and liquid described in Simmons et al. (40) but with the ice and liquid phases merged using the method described in Wang and Randall (41) . The same saturation vapor pressure formulation is also used in calculating the moist adiabats in the idealized atmospheres (see below).
MAPE Calculations. The moist MAPE and its components are calculated for each year using the zonal-and JJA-mean temperatures and relative humidities from ERA-Interim. The temperature for a given year is the JJA-mean temperature for that year. As discussed above, the relative humidity is the climatological (1979-2017) JJA-mean relative humidity. Performing MAPE calculations using time-varying relative humidity (instead of climatological values) from ERA-Interim results in qualitatively similar results (SI Appendix, Fig. S8 ), but the increase in convective MAPE is 0.6 J kg −1 per decade (SI Appendix, Fig. S8B ), which is roughly half the rate of increase that constant relative humidity implies. The zonal-mean temperatures and relative humidities for each JJA are first interpolated to a 40 × 40 equal-area staggered grid (13) to convert a 2D problem in pressure and latitude coordinates into a 1D problem in pressure coordinates only, although the original latitude for each parcel is stored for use in the calculation of nonconvective MAPE.
To calculate moist MAPE, we use the divide-and-conquer algorithm (14) , which is a recursive algorithm that builds a low-enthalpy reference state by dividing the atmospheric domain into smaller subdomains. At each division, the pressure derivative of enthalpy is evaluated at the midpressure of the subdomain and used to order the parcels from top to bottom of the subdomain; the top and bottom halves are then assigned to new subdomains. The divide-and-conquer algorithm has been found to work well in practice (14, 42) , and in particular it gives a moist MAPE that is almost identical to that calculated using the exact Munkres algorithm for a similar case to the one considered here (14) . We use divide and conquer rather than Munkres because divide and conquer is faster and more straightforward to adapt to calculate convective and nonconvective MAPE.
To calculate nonconvective MAPE (9), the divide-and-conquer algorithm is modified such that when sorting parcels from top to bottom in a subdomain, parcels from a given initial latitude may not change their vertical ordering (i.e., whether one parcel is above the other). This condition that parcels cannot "leapfrog" in pressure over other parcels from the same initial latitude leads to the continuous remapping of parcel pressure shown in Fig. 2B , in which the reference pressure (the pressure in the minimum-enthalpy state) is a monotonic function of pressure at a given latitude.
To calculate convective MAPE, we simply subtract the nonconvective MAPE from the moist MAPE. The magnitude of convective MAPE is reported per unit mass of the entire atmosphere in the specified latitude band (rather than the mass of a lifted parcel as is the case for CAPE), and as a result the reported values are much smaller than typical CAPE values in convective conditions. For JJA and 20-80N, the mass of the lifted air in the moist MAPE calculation (the blue-shaded region in Fig. 2A ) is roughly 6% of the mass of the atmosphere over 20-80N, and the value of convective MAPE of roughly 32 J kg −1 becomes 530 J kg −1 when normalized by the mass of lifted air, which is comparable to typical CAPE values. Convective MAPE should not be confused with generalized CAPE (GCAPE) which is the moist available potential energy of a column of air in isolation (41, 43) . The moist available potential energy of the climatological and zonal mean at each latitude in isolation is only nonzero equatorward of 30N, and its meridional average with area weighting over 20-80N is only 1.3 J kg −1 compared with convective MAPE of 32 J kg −1 for the same latitude band. Thus, conditional instability of the mean state does not contribute strongly to convective MAPE. To calculate dry MAPE, the divide-and-conquer algorithm is used as for the moist MAPE calculation but with the input relative humidity set to zero. EKE Calculations. To calculate EKE, we first apply a 2.5-6-d Butterworth bandpass filter to four-times-daily horizontal winds on a 2.5°× 2.5°grid from ERA-Interim reanalysis over 1979-2017. Data below the surface pressure are removed (we do not use the approach described above for the monthly temperature and humidity because here we are using instantaneous data). A mass-weighted vertical integral of kinetic energy of the filtered wind time series is calculated at each latitude-longitude grid point to give the local vertically integrated EKE. A JJAand area-weighted mean of the EKE is then calculated to give the time and spatial mean EKE over the specified latitude band for a given year. Fig. S7 and Methods for details), and white dashed line extends these changes along the same slope for clarity.
where T eq is the surface temperature at the equator and Δ T is a parameter controlling the meridional surface temperature gradient. Vertical temperature profiles in the atmosphere based on the surface temperatures are then determined as follows. First, reversible moist adiabatic parcel ascents with an assumed initial surface relative humidity of 85% are constructed in which the temperature profile follows a dry adiabat until saturation, after which it follows a saturated moist adiabat. A stratosphere with a constant temperature of 240 K is imposed above the tropopause, with the tropopause defined as the level at which the parcel ascents reach 240 K. While warmer than the real tropopause, this choice limits the extent to which upper-level meridional temperature gradients become much steeper than in the real atmosphere, inflating MAPE values. Next, vertical relative-humidity profiles are imposed with boundary-layer relative humidity of 85% from the surface up to 900 hPa, free-tropospheric relative humidity of 45% between 900 hPa and the tropopause, and stratospheric relative humidity of 0.01%. Using one value of freetropospheric relative humidity at all latitudes is a simplification, and we chose a value close to the climatological value at lower latitudes where ascending air originates. Lastly, temperature profiles are constructed such that the virtual temperature profile with the imposed relative humidity values matches the virtual temperature profile of the moist adiabat. This procedure allows us to produce a subsaturated atmosphere that is neutral to moist convective instability. As a result, the convective MAPE is driven by the large-scale pattern of ascent and descent rather than having a contribution from conditional instability in the initial condition at a given latitude. In particular, the moist available potential energy of a column of air at a given latitude in isolation, the GCAPE (43), is zero. We solve for T eq and Δ T to produce an evenly spaced grid of mean surface temperatures and surface temperature gradients averaged with area weighting over the latitude band 20-80N. The mean surface temperatures are 289-295 K at increments of 0.5 K, and the mean meridional surface temperature gradients are 0.15-0.65 K degree −1 at increments of 0.05 K degree −1
. The moist MAPE and nonconvective and convective components are calculated for each of these idealized atmospheres over 20-80N. The resulting values of moist MAPE and its convective and nonconvective components are shown in Fig. 4 .
Based on ERA-Interim over JJA and 20-80N, the mean surface temperature is 292 K and the mean meridional surface temperature gradient is 0.44 K degree −1 (SI Appendix, Fig. S7 ). At these values, the nonconvective MAPE for the idealized atmosphere is 325 J kg −1 compared with 185 J kg −1 from ERA-Interim, and the convective MAPE for the idealized atmosphere is 9 J kg −1 compared with 32 J kg −1 from ERA-Interim. The larger nonconvective MAPE in the idealized atmosphere likely relates to the meridional temperature gradients aloft being too steep because the idealization of moist-adiabatic lapse rates becomes less accurate at higher latitudes. The smaller convective MAPE in the idealized atmosphere may relate to inaccuracy in the idealized relative-humidity structure since convective MAPE only receives a small contribution from conditional instability of the mean state in ERA-Interim. However, these discrepancies in absolute values are not problematic because our aim in using the idealized atmosphere is to better understand the relative changes in convective and nonconvective MAPE as a function of the surface parameters.
